—

NASA TECHNICAL TRANSLATION

NASA-TT~F-15825)
‘éATIGN OXIDATION ON SE
STLICATE HELT (Scientl

gervice)

‘NASA TT F-15,825

INFLUENCE OF DEGREE OF CATION. OXIDATLON-ON
SEPARATION OF A !SILICATE MELT

Translation of "Vliyaniye stepeni okisleniya
kationov na rassloyeniye silikatnogo rasplava'.
Izvestiya Akademl 1 Nauk, S3SR., Neorganicheskiye
Materialy, Vol. 7, No. 7, 1971, pp. 1249 - 1252,

i
!

1 p BHC $4.00

———

|

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION... ... ..

' WASHINGTON, D. C. 20546

b

s

INFLUERCE OF DEGREE OF

ON SEPARATION OF A
fic Translation

cscL 07D

N74-28650

gnclas
G3/06 54097

JULY 1974



STANDARD TITLE PAGE

1. Repast No. 2. Govornment Accession Mo. 3. Rocipiont’s Cotalog No.
NASA TT F-15,825
4. Title and Subtitle 5. Report Dale
INFLUENCE OF DEGREE OF CATION OXIDATION July 1974
ON SEPARATION OF A SILICATE MELT o ) T | 6. Performing Orgonizaﬁoq Cods
7. Author(s) . : B, Performing Orgonizotion Repars No.
' V. I. Min'ko-
: 10, Work Unit Ne.
B : 11. Contract or Grant No.
9. Performing Qrgonizetion Name ond Addrens NASw-2483
SCITRAN l 13, Type of Report and Period Covered
Box 5456 '

Santa Barbara, CA 93108 Translation

12 Sﬁonsonng Agency Name and Addross
ational Aeronautics and Space Admlnistration

Washington, D.C. 20546

14, Sponsoring Agency Code

15. Supplementary Notes . i ‘
Translation of'"Fliy?nlye stepeni okisleniva kationov na rassloyeniye
silikatnogo rasplava Izvestiya Akademi i Nauk, SSSR., Neorganlchesklye

Materialy, Val. 7, No. 7, 1971, pp. 1249-1252.

16, Abstroct

N .

A calculatlon of the energy parameters of ions
is made to systematize cations with variable .

. valence in inorder of inéreasing binding energy
with oxygen. It is shown that. polyvalent catioms:
in a state of lower valence have reduced ablllty
to cause separation of a silicate melt.

-

17. Key Words {Selecied by Author(s)) . 18, Distribution Stalement

Unclassified - Unlimited

y

19. Sacurity Classil, (of this repori} 20, Security Classif, (of this page) 21+ No, of Pages 22, Price -
Unclassified ~ Unclassified 9




INFLUENCE OF DEGREE OF CATION OXIDATION ON
SEPARATION OF A SILICATE MELT

V. I. Min'ko

Stable and metastable liquefactions, observed beyond the / 12hg¥
limits of the liquefaction cupula on diagrams of state [1] are
functions of temperature. Electron microscope methods were
used in [2, 3] and it was shown that with an increase in the
temperature of the silicate melt its microheterogeneity decreases
and the melt becomes more homogenized, Nevertheless, for real
cupulas, the characteristics of microheterogenelty are such that
it 1s difficult to study the phencmenon of differentiation of
silicate melts. Some researchers have assumed that microliquefact-
ion is an 1infermediate and'necessary stage (in the form of
the precrystallization period [4, 5] or an independent phase
transition [6, 7]),which specifies or facilitates finely-dispersed
volumetric crystailization. The homogeneous-heterogeneous mechanism
for the action of catalysts of the oxide type is also based on
thelr ability to cause separation of the silicate melt [8, 9].
However, in no case was conslideration given to the degree of
oxidization of polyvalent cations leaving the silicate melt,
whereas a variable valence is characteristic for the majority

of them, particularly glassceramic catalysts of the oxide type.

¥ Numbers in the margin indicate pagination of original foreign
text. :



The nature of the liquefaction phase decomposition is
‘regarded from different polnts of view based on the principles
of crystallochemistry, which reflect the energy non-equivalence
of ions in a silicate melt and the structural incompatibility
of the different catlon-oxygen groups which are produced. However,
there are presently no critferla for evaluating the structural
factor of the catlon-oxygen groups produced. The use of energy
parameters of the lons to characterize the tendency to cause
separation of the silicate melt has been confirmed experimentally
and is therefofe valid. The following are used as such energy
characteristics: The ion potential Zue/rny [10], the force of the
field Zuefra_g [11], the valence force Zme/cn [12], where M- 1s the
cation, r% 1ts ‘radius, Z- valence, RM- O- dinteratomic distance
between the cation and oxygen, ¢n- coordinate number of the
cation in glass, e- electrostatlic charge. Calculations were per-
formed in [13] using the method of least squares to determine the

width of the liquefaction region, in which the variable is Z/r2

In this article, a calculation of all these parameters makes
it possible to systematize the cations with variable valence
in order of their increasing binding energy with oxygen (Table 1).
In calculations of these parameters, the ion radii r are used
according to [14], en - according to [15]. The mlssing data on
en forﬂSﬂ”gV“,Nb”:TFﬂfﬁﬁ;gﬁfAhfﬁjMHHfMﬁ”YtC&ﬂﬁEEEUééléﬁiéﬁéa"fme}
the ratio pfnj . Theiﬁfggzi&idistances were calculated as
the %um of the ion radius of a given catlion and oxygen, for which
iro~ = 1,36 A] were used according to [14]. The electrostatic charge
was not taken into account to simplify the calculations. / 1250

According to modern theoretical concepts and data, cations
have a more pronounced ability to cause separation of a silicate
melt, the closer are the values;of the energy characteristics
of a given cation and sgilicon. :Taking this fact into account,
it may be seen from Table 1 thaﬁ all of the cations examined



TABLE l?

io\\ Zir ionk I Zirt ,ioﬁk IRy ioﬁ§v2/0n|
) '

Cuat - 1,02 Cus!™ 1,04 . Cus™ 0,18 Cug' | 0,17
St 1,06 Szt 1,92 Sny*t 0,35 Tig?t | 0,33
1\1116'-"r 2,20 Mnp2t 2,41 Mn:** 0,39 Muitt | 0,33
Fes? 2,50 Ces™ 2,89 Feg** - 0,43 Feg2® | 0,33
Cu-2* 2 50 - Fes®r 3,13 Cue®+ 0,43 .| Cos** | 0,33
Fig=r ‘2 55 Cus® 3,13 Tigt+ 0,44 Cus?t | 0,33
Cog*t 2 55 Tigtt 3.8 Cog?* 0,53, | Snys2* 3 0,33
Cugtt -2 94 Cog2™ 3,28 Ce®t - 0,53 Tist { 0,50
Sht 3.33 Shyt 3,70 Shyt 0,59 Ve3r | 0,50

Mpg® 4,29 Ces't 5,19 Mung3f 0,71 Cr3t | 0,50 .
Tigt 4,35 Mn2t 6,12 Tig?t 0,72 Mngdt | 0,50
Asgt 4,35 Tig?* 6.25 Ase 0.7 | Feg* | 0,50
Vgt 4, 148 Ass®" 6,25 Vit 0,73 Cod* | 0,50
Fegdt 4,48 Vgt 6,67 Fegdt 0,73 Asg®t | 0,50
Cent™ 4, 55 Fes®t 6,67 Crg®* 0,75 Ces* | 0,50
Crgt 4,69 Crg® 7,31 Cos* 0,75 Tigt*t | 0,67
Cogst 4,69 Cog?™ 7,31 Cogtt Q,80 Nb#t | 0,67
Wat 5,88 Wyt 8,69 Wyst 0,96 Sngt* | 0,67
Nbs~ 5,97 Nbjt™ 8,89 Nbs™ 0,97 | Cest* | 0,67
- 8pyt 5,97 Snyt* 8,89 | _Spgt 0,97 Shet | 0,75
Tis* 6,25 CTigdt 9,76 r1‘1.;‘”' 1,00 Nbv | 0,83
Vgt 6,556 Vit 10,81 Vit 1,03 Sigit -1 1,00
Nhss* 7,58 Nhg* 11,36 Mpgtt 1,13 Voo | 1,00
Mot 7,69 Sh,ys* 13,16 Nbgf™ 1,23 Mng#™ | 1,00
. 8bpr . 8,07 Wyt 14,96 Shyst 1,28 Wit | 1,00
W 9,23 At - 14,81 Sigdr 1,31 Ceg™ | 1,00
-8t 10,26 Aspst 22,78 Wbt 1,48 Aggst | 1,25
© AspSt 10,64 Siyt 26,33 Asdt 1,49 Shit | 1,25
Vot 12,50 Vet 31,25 V5t 1,61 Crs8* 1,50
Mo, 15,22 Muoyr 33,33 Crg5t 2,05 Wt | 1,50
Cry5t 17,14 er“ 50, 00 - Mag™T 2,11 \Im“‘ 1,75

¥ Translator's note: Commas in numbérs represent decimal points.

in a lower valence state have a less pronounced tendency toward
separation, since they are located farthest from silicon ;
With an increase in the valence of the cation, its ability to

cause separation of the silicate melt increases.

This property of polyvalent cations 1s apparent 1f the
systemlzation iﬁ\performed according to the value of the binding
energy . M- e (Table 2), calculated from the Coulomb and other
relatlonshlps, taking into account the crystallochemlcal

parameters of the cations:

J‘Em—o = 7Mfoz-6’ /RM—O [10 12,16]; En-—o = KinZ s e Ry_o (17];
N B K/Jj\l,_oyoz—e /K. U .R?,[....o [18] '_,' -



TABLE 2%

iog\ Ey_o iqﬁ\ £3—0 ‘ lOﬁ\ "Ex_o ioﬁ\l E
1 Cug* 0,86 Cul* 1,11 "Cuglt 0,079 Cu,tt 27
© Snaet - 1,68 Sng?T 2,14 Mg 0,168 Cus* 29
Mgt 1,76 Mug®* 2,29 Tigt 0,186 . Mnstt 36
D Fey2t 185 TigE" 2.3] Cog* 0,192 Cos2t 36
Cug?t 1,85 “Fegt 2,43 Cuy?* 0,207 Fegst 37
bt 1,87 Cog®" 2,45 Cugt 0,217 Agghtr 30
i Cog?r 1,87 . Cug?* 2,68 Sng?* 0,226 - Vst - 46
- Ced* 2,52 ] Cegdt 3,09 Asdt 0,335 Fed* 48
She?* 2,66 | Shat 3,562 Tigd™ (0,339 Sngtt 50
Ma2 2,91 Agg®t 4,12 Vit 0,344 Mt 52
Tig 2,93 Tigd* 4,14 Fest 0,352 Crgt™ 53
AsPr 2,93 V@t 4,24 Mn3* 0,363 Sngtt 55
Vg™ . 2,906 Felt 4,28 Ces?t - |- 0,367 Shgt 58
Feglt . 2,96 Mnget 4,41 Crg* - 0,372 Cegd* 65
Cr 3,00 Crgt . 4,46 Cog3t 0,379 Crys™ 69
Cog®t 3,00 Cog3t 4 .54, Sh.a* 0,390 Mngdt - T0
N T 3,57 Cog?* 4,93 Nb#t 0,450 Tigh*t 75
bWt 3,92 Wt 5,31 Sngtt 0,494 Pyt 76
Nhat+ 3,94 Nhat 5,55 Tig@t 5,95 | . Cegt* 77
. Spgt 3,94 Tigt" 5,95 Nbgst 0,586 ‘Nbgtt 81
i Tight 4,00 Sngtt 6,02 Mngtt 0,616 Asgyst 82
Vit 4,06 Vit 6,31 Vi 0,651 Shye+ 82
Mryst 4,26 Siyget 6,91 Wyt 0,800 A 87
Sigt 4 57 Mngaf 6,95 Mngt* 0,932 51t 102
. Nhet 4,95 Nbgst 7,11 Sigt* 0,989 P&t 104
i ShesT 5,05 Shat* 8,12 Shy™ 1,025 V5 114
Asgdt 5,46 Wt ‘8,64 W+ 1,075 Wit 115
VST 5,68 Assit 8,85 Aggst 1,209 Mosst 129
- Wt 5,97 Vit 9,21 Vit 1,307 Wast 145
 Cra8t 7,02 Crs®* 12,28 Crgt 1,796 |
-Mng™* 7,69 ‘Mm” 14,69 Mny™t 2,025

¥ Tragnslator's note: Commas in numbers represent decimal pocints.

In the calculations of Eu-o , where K is the coefficient
characterizing the degree of eovalence of the M - 0 bond, the
differences in the electronegativities of the cation and oxygen
were determined, witﬁ\subsequent determination of the percent

of the bond covalence [18].

The lesser ability of polyvalent catlons 1n a state of
lower valence to cause separation of the silicate melt is
completely retained, if they are systematized in order of in-
creasing binding energy of the cations with oxygen, used accord-
ing to [15], according to which‘this value may be calculated

on the basis of the formation eﬁthalpy of oxides of the elements

(Tabple 2).

4



The differing ability of polyvalent cations to cause
separation of a silicate melt, depending on the degrée of their
oxidation, definitely requires experimental corroboration. In
an experimental verification of the properties of cations of
varlable valence; the investigation and the formulation of
diagrams of state for silicate systems must be carried out
individually for the oxideé\ of higher and lower valence. It
will then be possible to explain several contradictions existing
in the literature. One example 1s the diagram of sgtate for
Sn0 - 8102
faction cupula does not have a liguidus line, and stannic oxide

[19], in which according to data of Gregg, the llque-
may be used in the production of enamels as a buffer.

CONCLUSIONS

Cations are systematized, which have a variable valence in
order of theilr increasing calculated energy characteristics,
based on the crystallochemical and thermodynamic properties of

these cations.

On the basis of theoretical concep%s, it 1is shown that
polyvalent cations in a state of lower valence must have a
reduced ability to cause separation of a silicate melt. This
ability increases when the cations change to'a state of higher

valence,
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